We report a case of MDS with ESRD on hemodialysis where anemia was managed with Desferrioxamine therapy along with ESA, after which it was noted that there was a significant reduction in the number of PRBC transfusions that the patient received along with a decrease in ESA requirements and a decrease in number of hospitalizations, which in the long term could be cost effective.
rized by dysplastic and ineffective blood cell production from ineffective iron incorporation. Most of these patients require multiple packed red blood cell transfusions. Anemia is a common complication of end-stage renal disease (ESRD) and is effectively managed by Erythropoietin Stimulating Agents (ESAs) and intravenous iron therapy. Management of anemia in ESRD patients with MDS poses a unique challenge. ESAs, even at extremely high doses do not result in a desired response, especially if the patients are iron-overloaded [1] . Patients become dependent on frequent packed red blood cell (PRBC) transfusions, which result in many adverse effects, one of which includes iron overload and its toxicity. We report a case of MDS with ESRD on hemodialysis whose anemia was managed with Desferrioxamine therapy along with EPO, after which it was noted that there was a significant reduction in the dose of ESA as well as the number of PRBC transfusions that the patient received. Further, this patient benefited from a decrease in number of hospitalizations, which in the long term could be cost effective.
Case Presentation
A 72-year-old African American man with history of Diabetes Mellitus Type II and Hypertension for 15 years was diagnosed with MDS in 2008. He developed End stage renal disease (ESRD) due to Diabetic nephropathy and was started on hemodialysis three times a week in September 2009. He was profoundly anemic requiring massive doses of Erythropoietin (EPO) in excess of 90,000. Despite such high doses of ESA requirement, patient's response was suboptimal and he required multiple hospitalizations for PRBC transfusions, averaging 1 -2 per week. His iron saturations' were persistently above 60% and his ferritin's were always greater than 2500 ng/ml, on occasions even above 10,000 ng/ml, in part related to the excess blood transfusions. In an effort to control his excess iron overload, patient was started on Desferrioxamine (DFO) therapy in November 2010. He was prescribed 125 mg intravenously once a week as a maintenance therapy on an ongoing basis.
After initiation of DFO, his requirements of blood transfusion and multiple hospitalizations were greatly de- 
Discussion
Anemia is one of the most common presenting features of MDS, apart from disturbances of platelets, white cells and coagulation. Most of the patients with MDS become transfusion dependent. Secondary iron overload from frequent red blood cell transfusions and poor iron incorporation into red blood cells (RBCs) is associated with poor survival in these patients [2] - [4] . Transfusion requirement has been recently recognized as an independent prognostic factor for survival in MDS patients [5] . Benefits of iron chelation therapy have been described in MDS patients who did not have any kidney injury or ESRD [6] - [8] . Such treatments resulted in a reduction of transfusions in such patients in association with a reduction in their iron overload. Iron chelation therapy has also been shown to reduce iron overload in ESRD patients but an effect on their anemia has not been reported before. Here we report a case of a patient who had both ESRD and MDS with profoundly high iron load who benefited from chelation therapy. To our knowledge this is the first case with both ESRD and MDS, where we show his anemia improved and his ESA requirements reduced. We present a hypothesis by which we believe iron chelation might be working under these circumstances where the kidneys and bone marrow are not functioning optimally.
The expression of erythropoietin (EPO) mRNA and protein is regulated primarily at the transcriptional level. Hypoxia is the most physiologically important stimulus for EPO production. It results in the activation of hypoxia inducible factor (HIF), a αβ heterodimer transcription factor that contains an oxygen-labile α subunit and a constitutively expressed β subunit. At normal oxygen tension the α-subunit of HIF undergoes post-translational modification by proline hydroxylation and ubiquitylation, causing it to be rapidly degraded. At low oxygen tension, HIF-1α is not hydroxylated and therefore escapes degradation and it thus translocates into the nucleus, and heterodimerizes with β subunit to form the HIF complex [9] [10]. HIF-1α can be activated in oxygenated cells by inhibitors of prolyl hydroxylase (PH). Desferrioxamine (DFO) has been shown to activate HIF-1α in vitro, with kinetics similar to those associated with hypoxia, and to increase expression of HIF-1α target genes, including EPO [11] . We believe this happens via inhibition of prolyl hydroxylase by DFO (see Figure 2) . Iron excess is also associated with increased oxidative stress: the accumulation of non-transferrin-bound iron caused by chronic blood transfusions which results in excess extracellular labile plasma iron (LPI) and intracellular labile iron pool (LIP), the principal source of reactive oxygen species (ROS) production. Iron accumulation also causes a decrease of the major cellular antioxidant reduced glutathione (GSH) and increases membrane lipid peroxidation [12] [13] . Furthermore, iron overload itself has an in vitro suppressive effect on erythroid progenitors and seems to increase transfusion requirement. The goal ferritin for patients with chronic kidney disease is now set at 500ug/l, based up on the KDOQI and KDIGO guidelines of anemia management in patients with chronic kidney disease. (http://www.kdigo.org/clinical_practice_guidelines/pdf/KDIGO-Anemia GL.pdf; http://www.kidney.org/professionals/KDOQI/guidelines_anemia/ped32.htm)
The mechanisms by which iron chelator therapy may lead to improvement in anemia are unclear. Iron chelators promote iron release from storage sites facilitating its usage by hematopoietic cells. Furthermore, the reduction of iron store seems to up regulate erythropoietin response, resulting in hemoglobin increase [14] . Perhaps, DFO and EPO have a synergistic effect on erythroid precursor cell proliferation [15] . In MDS patients, iron chelation significantly reduces ROS, membrane lipid peroxidation and the LIPs, and concomitantly increases GSH in RBC [16] . Now, with reimbursement rates by Center for Medicare and Medicaid Services (CMS) being dependent on average dose of ESA requirement in a month and also with a possible further cut by 9.4% in the bundling system for the dialysis centers as proposed by CMS in 2014; cost effective measures to reduce ESA requirements would be beneficial to the patient as well as to a dialysis facility. (http://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNMattersArticles/downlo ads/se0406.pdf; http://www.renalbusiness.com/news/2013/07/cms-proposes--pay-cut-for-dialysis-providers.aspx)
In our case, once the use of desferrioxamine was initiated there was stabilization of his hemoglobin thus reducing his ESA requirements, reducing his blood transfusions, emergency room visits and hospitalizations.
Conclusion
Desferrioxamine therapy improves anemia, diminishes blood transfusion and ESA requirements, and reduces emergency room visits and hospitalizations for patients that have both MDS and ESRD. Larger studies would be hard to do as the number of cases with combined co-morbidity of ESRD and MDS are too few. However, if measurements of endogenous and exogenous erythropoietin levels and assessment of intracellular signaling pathways were available, we might better understand the mechanisms of chelation therapy and its role in iron incorporation into RBC. In our patient, we think there must have been a reservoir of endogenous EPO production (possibly cystic kidneys), which was being modulated by chelation therapy with its likely effect on prolyl hydroxylases.
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